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EFFECT OF I ’URITY ON RE L IAB ILITY CUA1~ACTERI STICS OF
lj IG U— ST RENGT U STEEL— Firs t  Interim Technical Report

7 6 — U — 0 2 0 ( 0 1 8 / O 1 1— J , ) Novembe r 15 , 1975

In the f i r s t  par t of a study to e s t ab l i sh  the e f f e c t
of p u r i t y  on the proper t ies  of h i g h — s t r e n g t h  ( 2 5 0— k s i  tensile
s t r e n g t h )  a i r c r a f t  steels, three steels (AISI 4 3 4 0 , l8Ni
maray iny , and lONi  modif ied ) have been successfully vacuum-
inuuction-melted to v e r y - h i g h - p u r i t y  and n o rm a l — p u r i t y  levels.
The processing and heat-treating procedures for the normal—
purity steels have essentially been established. When the
high-purity steels have been vacuum-arc-remelted at Latrobe
Steel Company,  f r ac tu re—toughness  and stress-corrosion test-
ing can be initiated to establish the influence of purity on
Llic se properties.

By ki . M .  Reichhol d , J. G . Bassett , S. R. Novak , and L. F. Porter

Appioved by P. II. Salmon Ccx and K. K. Kappmeyer

Abstract

Since May 1, 19Y , U.  S. Steel has been engaged in research
under Air Force Materials Laboratory Contract No. F33615—75—C—5137
to develop high—strength steels (with an ultimate tensile strength
of 240 to 270 ksi , or 1655 to 1862 MPa) having improved f rac ture
toughness and stress—corrosion resistance to obtain greater relia—
bility in various classes of aerospace structural steels. The
critical task in this study is to produce three steels [l8Ni (250
grade) maraginy steel , AISI 4340 steel, and lONi modified steel
(AF 1410)1 to very high purity levels. After considerable diffi-
culty, vacuum-induction heats of the high—purity-leve l steels were
produced by special multiple-melting procedures and cast into
7-1/2-inch-diameter (19 cm) ingots. The Ingots have been shipped
to Latrobe Steel Company for vacuum-arc remelting (VAR) to achieve
fu r ther reductions in oxygen and nitrogen contents and a ref ined
cast structure prior to forg ing  slabs and rolling to plate.

Concurrent l y ,  convent iona l—pur i ty  500-lb (227 kg) heats ot
the same three steels were vacuum-induction—me lted , cast into 7-
by 12— by 24-inch (18 by 30 by 61 cm) slab inyots  and cross-rolled
to 1-inch-thick (2.5 cm) plate. Preliminary heat treatments were
conducted on the 1-inch-thick plate s of the convent iona) -pur i ty
steels to establish heat treatments tha t would provide similar
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strengths in the three steels. When the high-purity VAR steels
are received from Latrobe , they will be processed to plate and
heat—treated to the same strength level as the conventional-
p u r i t y  steels.

The present report describes in detail the melting proce-
dures used to produce the ultra-high-purity and conventional-
purity steels, the rolling and heat-treatment procedures, and the
properties obtained for the conventional—purity steels. This
represents the work completed during the first six-month period
of the contract. In future work , comparisons will be made between
the high-purity and the conventional-purity steels with respect to
toughness (Charpy V-notch impact properties and KIc fracture tough-
ness), incubation time to initiation of stress—corrosion cracking ,
stress-corrosion crack—propagation rates, and susceptibility to
hydrogen embrittlement. Possible reasons for differences in the
behavior of the high—purity and the conventional—purity steels
will be studied by employing special experimental and metallo—
graphic techniques.
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Introduc tion

~ i nce May , 1 ~7 ~i studies have been coti~iucted at  t lit ’

U .  ,~~~. ~
;1ccl Research Laboratory to develop hi gh-strength steels

(ultima te tensile strength of 240 to 270 ksi , or 1655 to 1862 MPa)

having it~iproved tracture toughness and stress—corrosion resistance

to obtain greater reliability in structural airframe components.

The work is being done under Air Force Materials Laboratory Con-

tract No. F33615—75—C— 5l37.

In low—strength steels , improvements in steel cleAtnliness

or p u r i t y  usua [1 ~~
‘ iesul t in improvement in both touqhness and

r e s i s t ance  to ste css—corrosion c r a c k i ng . Uowe~’cr , for  h iqh e r

stren g th steels , there is some evidence that indicates that a~

the t ens i le  s t r e ngt h  exceeds 270  ks i , the improvements in fractuxe

toughness and s t ress -cor ros ion-cracking  res is tance  tha t  can be

realized by producing ultra—high—purity steels are minimal. It the

above r e l a t l Lr n s  between s t r e n g t h  and toughness  and r e s is tan ~’e te

s t r e s s  corros ion d t  e foun d  to hold r ega rd l e s s  ci steel t yp e , com-

posi t ion , or degree of pu r i t y  achieved , the use o~ high—strength

steels in aircraft applications could be limited by the low

resistance to stress—corrosion cracking , even in the useful

tensi le-s t rength range of 24 0  to 270 ksi where improvements in

steel melting and processing have been found to produce improve-

ments in fracture toughness.

Thus, a program was planned to determine the extent to

which purity can affect the stress—corrosion characteristics



~ it  st ools in t he  2 4 0 —  to 270—ksi tensile—strength range in which

t h r t ’o classe s of iii ~.~ki—strenqth steels  were to be produced at a

!l~~i t  usa 1— ur i. t y level anti at the highest purity level achievable

in usetu l quantities under modern laboratory melting practices.

The cl as s es  t i ~~ s t e & ’l ~ that. were to be examined were ( 1) a marag ing

stt ’el—L~~Ne (250 giade); ~2) a conventional quenched and tempered

st&el—Al~~I 4 3 4 0  s t ee l ;  and ( 3 )  a recently developed low—carbon

ex~ t p t icnal 1 ~ hx~ h— toug hness ~uenched and tempered steel—i ONi

f icd steel (al St known as modified IIY—l80 or AF 1410) . For

each put ity lcv~ 1 , each ot the three steels was to be treated to

the same strength level and the following material characteris—

tics Jotermined : (I) tensile and Charpy V-notch impact properties;

( )  : x a c t u r e  touuhness (K ); (3) incubation time for the initia—Ic

tion ot stress—coriosio n c ra c k i ng  (us ing  both smooth and precracked

cc u :r. ns ) ; (4  ) t i t  & ‘ Shi,ild ~ ci st ross—corrosion crackinq (K- Iscc

Pr )  stress—corves l i r u  cr a c k — p r o p a g a t i o n  rate (
~~

-
~~

- vs K
1
.); and

( , )  su s ce p t i b i l i t y  to hydrogen embrittlement (using precracked

spec in iens) .  Po ssible reasons for  d i f f e r ences  in behavior of the

high-purity and conventional-purity steels will be studied by

employing special experimental and metallographic techniques.

The present report summarizes the work completed during

the first six—mouth contract period , and also outlines the work

in progress.
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Discussion

The area of major difficulty in the proposed program was

expected to be the a t ta inment  of the u l t r a — h i g h — p u r i t y  levels in

the selected steels. As implied previously, achievement of the

desired purity levels is essential to the success of the program .

Melting Stock

Selected melting stock was used to melt both the normal—

purity and the ultra-high—purity steels. The stock was checked

for the presence of tramp elements by analyzing one of the first

normal-purity heats produced (4340 steel). The results of the

chemical analyses for arsenic (<0.002%), antimony (<0.0004%),

I
tin (‘-0.002%), and copper (0.006%) determined for this heat

(Table I—A) are believed to be representative of the amounts of

these elements in the melting stock , and therefore , in al l  the

heats produced . The tramp elements investigated are known to

increase the susceptibility of alloy steels to temper embrittle-

ment. However , the levels detected are below the levels that

normally increase the susceptibility of steels to temper

embrittlement.

Chemical Analyses

Because of the very restricted ranges and low levels of

certain of the elements in these steels , special analytical tech-

niques were used , and sometimes more than one method was used for

a particular element .

- 5 -  7~~
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The techniques used to dete rmine the cotupositions 01 the

steels were as follows: carbon and sulfur - combustion analysis

pl us infrared detection ; manganese , sil icon , nicke l , chromium ,

molybdenum , and cobalt - average of optical spectrographic and

X-ray spectrometric or only X-ray spectrometric analysis; copper 
- -

and titanium — optical spectrographic or X—ray spectrometric

analysis; phosphorus and arsenic — colo r imet r ic a n a l y s i s

(molybdenum—blue complex) ; aluminum - optical emission analysis ,

solution technique ; oxygen - neutron-activation analysis;

nitrogen — inert—gas fusion with a thermal-conductivity measure-

ment; antimony — colorimetr ic  a n al y s i s  ( rhodam ine  B) ; tin — optical

spect rographic ana lysis  or hy d r o q e n — s u l f i d e  separat ion plus  polaro -

gr a p h i c  ana lys i s .  The X—ray spec t romet r ic  a na ly s i s  and mot e

sophis t icated  techn iques were used for  the highe r a lloy  steels t
(l8Ni and lONi) as explained below .

The analysis of the iBNi (250 grade) maraging steel and

the lONi  modif ied steel f or very low levels of manqanese—~1n concen-

tration of 10 parts per million (ppm )—presented special analytical

problems. In addition to other elements , these steels contain ~

and 14 percent cobalt , and residual and 2 percent chromium ,

respectively. Because both cobalt and chromium interfere in the

usual chemical method s for dete rmining  low concentrations of

manganese , another method had to be developed .

In this new method , the bulk of the interferinu elements

is chemically separated from the manganesc ,and the manganese leve l

- 6 -  1 1
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is then determined pho tomet r i ca l ly  as pe rmany anate  in the presence

of on ly  smal l  concentrations of cobalt and chromium . The color of

the mangane se species is then bleached by chemical reduc tion , and

the background color due to any chromium and cobalt is measured .

Manganese is determined by difference . This procedure has a

detection limit of 5 ppm manganese . Results on synthetic standards

at the 10-ppm level are accurate to within 2 ppm manganese.

Mel ting Procedures

For this study, each of these steels was vacuum-induction—

melted to two purity levels—a normal-purity level and a high-

purity level, Tables I-B and I-C . To produce the steels with

purity levels similar to that attained by current production pro—

cedures (normal—purity steels), low—sulfur electrolytic iron was

used as the base melt stock. The iron , carbon , nickel, molybdenum ,

and, when required , chromium and/or cobalt were charged into the

crucible and melted in an atmosphere of 50 torr (6665 Pa) of argon .

The argon was required to control the carbon boil during melting .

At melt, the chamber was pumped to less than 1 torr (133 Pa), and

a pin sample was obtained from the bath to determine the carbon

level. The chamber was then repressurized to 200 torr (26.7 kPa)

with argon. As soon as the carbon content of the bath was estab-

lished , the silicon, sulfur , phosphorus, and necessary carbon

additions were made . To obtain the desired nitrogen level , the —

pressure in the chamber was increased with nitrogen gas to estab-

lish the required partial pressure of nitrogen over the bath ,

- 7 -  ~~~~~~~~
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the oxvge;; content o Lut e sloe 1 huu bee:; reouced Lu’ a J ow v s lao

( ap r  t o x i : . : . t t e l y ~0 pp;:;) by usia ; a relatively h i c h i  l eve l  of

a I u sr inum . becau se  a I wr inus : ,  a n t  ot  he r  s t r o n : ueox  id 1 a er s  cou l d

n o t  be a - i e i in  p x  c~iu c  ills the st~’el s in t n 1 s  pro s  t ,s:: , p rc l  i ;r ia~ir v

t: I a is we t. e made  b-5 .s si:; : the ca r icos ; in the 4 34 0 Steel and t he

t i t a n i - i n - , i n  t h e  l u a r a y i n :  steel as d e OX i L 1 i a~’I S t o  a t t a i n  t h e  low

OX \  ~c;; known to be r e qu i r e d  I cr  e fe ct iv e  des ul  Iu r i : ut  lOu - i t t h e

l iqu i d  b a t h .  However , these practices d~ d not  p ro du c e  s u lf u r

lev e l s  as low as de s i r e d .  Thus , i t  was n e ce s s a r y  to adopt  a

double—melting practice util i-.:iny a l ime  c i u c ib l e .

Since high—pur it ;’ l ime crucibles arc not  c o m m er c i a l ly

ava i l ab le , a special tused lime of v e r y  low s u l t u t  c on I c a l

(‘-O .OOl fl Wa S obtained t rom the Muscle Shoals Llectrechemical

Company ,  Tascum L.uia , A l a b a m a . The l ime cr u cib l e s  were  f a b ri c a t e d
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inside a 500—lb pretired magnesia crucible installed in the

induction furnace  in the normal manner. A 1—inch (25.4 mm )

layer of the special lime was rammed on the bottom of the

magnesia crucible. Then a fabricated 1/8-inch-thick (3.2 mm)

sheet—steel liner with a diameter 1 inch less than that of the

magnesia crucible was centered inside the prefired magnesia

crucible , and the special lime was rammed in the 1/2—inch

(12.7 mm) space between the ste2l liner and the walls of the

magnesia crucible. Electrolytic iron was then melted in the -

‘

crucible to sinter the lime as well as melt out the steel liner.

The lime crucible obtained by this technique was used to melt

the high-purity steels. Although magnesia crucibles can be used t

to melt 20 heats, the lime crucible produced by this technique

lasted for only 5 to 8 heats. Also , because a relatively high

silicon content (0.020 to 0.035%) was observed in the first heat

ntelteci in a newly rammed and sintered lime crucible , essentially

two heats had to be melted and discarded before attempting to

melt the high—purity steels. The first heat melted out the steel

liner and sintered the lime , and the second heat further con-

ditioned the lime lining to prevent the pickup of silicon .

As indicated earlier , the melting of the high-purity

steels was a double—melt practice. Because of the potential con-

tamination by manganese , chromium , or cobalt from a previous heat, H
the full double-melting procedure for each grade of steel had to

be completed before the melting of another grade of steel could

be initiated .
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‘l’hie f i r t ; t me it i n  th e d o u b le— m e  It i ng ‘I c o ed uj e  w a s

desu 11. ur I .:: intj  mc 1 t and consi st od ol c har tj  in ’.; su t t i c  i ent  e’i oct  i

1 y t ic i r o n , electrolytic u i ck o  1 , e l o ot  i ci yt i’.’ ‘.‘hrom turn , j ’t 1 1  I ’

molybdenum, an d pure cobalt  to m eet the t in .u i  s;;’ec it icat 1 ‘.‘I) t 01

the steel .  When the char ije  was me I ted , the b a th  WdS V a c u u m — c a  r h i ’ : s —

deoxid ized  to decrease the oxygen con ten t .  T h i s  deoxud a t ion  was

desiyned to y ie ld  a carbon content  in the b a t h  which would not

exceed 0. 02 percent for the 1 8Ni m ar a q in g  s t ee l  and 0. O’j pet cent.

fo r  the ot h e r two gr ad e s .  A f t e r  the v a c u u m - c a r b on deoxidat  ion

was compie ted , the ba th  was f u r t h e r deox i di t:od w i t  h 0. 05 po i cen t

a l u m i n u m, and then 0.30 percent (579 grants) ot  a m i s ch — m c t a l

alloy (rare—earth metals) was added to the b at h .  A preliminary

sample of the metal was then obtained and s u b m i t  t ed  t o  the

chemica l  l a b o r a t o r y  t o  de termine the sul f ur c o n t e n t  of the b a t h .

I t  ti le sul fu r content  at  this t ime  was  ‘1 l e a  t o t  t hi.i Ii P1’111 , an

a d d i t i o n a l  200 grams of the rn t sch—me ta 1 w,s added to the 1 03 —kq

b a t h  an d a sample wa:; .15.1 i n  s u b m i t  ted t ‘1 sU 1 t i l l  COIl t out. ‘flu us

practice was c o n tin u e d  UI) L i  I a s u i t  u r  con I on! 01 ¶- i 1- i F - i fli 01 lo ss;

was achieved.  Contro l  of t h e  butt h t onup t ’i a! Ut 0 d i i i  111.1 the t it : : ’.’

required for  sul f u r  ana l yses  was noce: ;sat  y , and t he  temperature

was not permitted to ex ceed 2 S ’ ~0 F’ (1 - i t o ’  C~~ . Thi t t t -i” 1 ’o r at u ro

cont rol was impor tan t  because it h i thi t e m ; -iet  a t ur e u ;— t h a t  i s ,

area  icr than 2900  F’ ( I  ~ 93 C )  — loss ot  t he h t ’o x  i d i  :o i s ;  or do sul  —

f u r i .~ers  would be exper ienced .

- 1 1 - /3
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Whe n a suf I i c i en t ly  low s u l f u r  level was ,ichieve ’.I  , the

bath temperature was adjusted to 2860 F (1571 C) and the me ta l

was poured into a 9—inch—diameter (23 cm) mold. A sample ot the

metal was sent to the chemical labora tory  for  complete chemical

an a ly ses , a nd the ingot  s u rf a c e  was comple te ly  machined to

eliminate  any slay that might contain sulfur. Before proceeding

with the next stage in the melting procedure , ,i wash heat was

melted in the lime crucible because experience had shown that the

sulfur removed from the metal during desulfuri cini- ; would be

retained on the surface of the lime—crucible l i n i ng  and would

contaminate the following heat unless the c r u c i b l e  was d e s u i —

furized by melting a wash heat.

The machined low—sulfur ingot , which  weighed about  350

pou nds ( 159 kg )  , was cut into four sections. These section s,

together with additional e lectrolyt ic iron and a l l o ys  to produce

the desired composition , were charged into t h e  d e s u l f u r ized

crucible and remelted.

The electrolytic iron and the alloys added were assumed

to contain sufficient oxygen to oxidize any  excess aluminum and

misch—metal remaining in the desulfurized steel d u r i ng  the

remelting operation. The final composition indicates that this

assumption was correct (Table I-C).

When the low—sulfur charge was rernelted , .1 sample oh t h e

metal was sent to the chemical laboratory to be certain that the

- - ~~~~~~~~ .~11. - -- - ‘ — -  - 
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s u lfu r  content  was not gr e at e i  t i t a n  10 ppm . When i t  was cc t i—

f i r med  tha t the s u l f u r  level was s at i  sfactory, the mel t ,  was

I inished , as descr ibed  below , to meet the a im  specification .

The ran ge , a im , and f i n a l  check chemi  0,11 COTUI)OS it ion of the

three hi g h — p u r i t y  heats are  shown in Table 1—C . In particul ar ,

i t  should be noted tha t. tile sulfur levels f ci the 4340 , lONi

moditied , and l8Ni maraying steels were 9, 7, and 5 ppm ,

respectively.

The f i n i s h i ng  p rac t i ce  f o r  each ct the three heats var ied ,

depending on their composition . Finishing of the 4340 srade

involved the addition of 0.05 percent carbon to the steel at a

chamber pressure of 100 torr (13. 3 kPa) of a rgo n , and then

ev a cu a t i n g  tile chambe r u n t i l  a chamber pressure 01 2 0 0  mic rons

was achieved . The chambe r was the n p re s s u r is~ed to  200 torr

( 2 6 . 7  k P a )  w i t h  argon . The carbon content  of the b a t h  was

determined , a carbon addi t ion  amount ing  to 0 . 3 6  percent  was made ,

and aga in  the pressure in the chamber was lowered by pumpins .

When the chamber pressure reached 5 torr (6t-i 7 Pa) , bu i ldup  of

a steel skull from steel splashing on the top of the furnace

became serious and further pumping was stopped . Samples were

submitted b r  analysis of carbon content by combustion and tot

analysis of chromium , nickel , and molybdenum contents by X—ray

spectrometric analysis. A final adjustment of carbon and

chromium was made , and then all the mangane se was added . The

chamber was pressurized to 550 torr (73.3 kPa ) with argon , the

- 1 3 - /~
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temperature ad justed to 2835 1’ (1557 C ) ,  and the metal poured

into a 7—1/2—inch—diameter (19 cm) mold. This 4340 ingot bled

or r immed for a t  least 10 minutes before the bleeding of n t c t u t l

out of the ingot  center  ceased . This  i ngo t  is  expected to be 
i 

-

quite porous and may present difficulties in vacuum-arc remeltitig .

The l8Ni maraying steel was less of a problem to finish

because it required only the addition of titanium to the mo lten

bath. However , since the oxygen level of the bath was unknown

and the possibility of titanium oxidation existed , an 0.51 per-

cent titanium addition was made to the liquid bath , and a sample

was submitted to determine the composition of the bath before

tapping the heat. The sample indicated that the steel contained

0.46 percent titanium and that the nicke l , molybdenum , and cobalt

contents were within the specified range. An additional 0.04

percent titanium addition was made , the bath was heated to 1860 F

(1571 C), and the heat was tapped into the 7-1/2-inch-diameter

mold .

Finishing the lONi modified steel heat required only the

addition of 0.16 percent carbon at a chamber pressure of 200 torr

(26.7 kPa). After sampling to confirm that the carbon and s u l f u r

concentration in the steel was satisfactory, the bath temperature

was adjusted and the heat was tapped into the 7-1/2-inch-diameter

mold. This ingot rimmed in the r’told , but not as seriously as

that observed for the 4340 heat.

-í - 1 4 - 
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At ter  the ch em i c a l  L ompo s i  t ion oh each i t i g e t. I tad  been

checked , the three i ng ot  s were shipped to Lat i obe Stee l Congiai:y

ci v a c u u m —a t  c reme it in’.;

~ecausc the product ion of the hiqh— iui it y steels r egul led

.ts m a n y  as e igh t  di fferent elements to be c c i t t  toi led to \ ‘oI y low

levels , difficulty was experienced iii . a c h i i e v  i ns  t he  des i red  lov e  1

t 01 .tl the e 1 emc n t S in the same he at. Thu s , m an y  heats had to

be re jec ted  because one or more of these eight elements was

111511c r than  desired . To produce the three h u s h — p u r i t y  s teels

w i t h  the chemical compositions shown in  Table I—C , f i v e  at t e m p t s

were made to produce the  4340 steel , two attempts were made to

1 1 oduce the ION i mod it ted St Ot ’ 1 , and t our att omp t s were made to

pz:o’.luct ’ the 1 8N1 m ar . t g  ill’.; St t’~~1 . because e tch at tempt repre—

sented t hree me I t  ing  s tops , a t o t a l  of 33 m e l t s  was r e q u i red  to

produce these tu s h - j u n  t y steels. —

R o l l i ng  of N o r m a l— P u n iti Steels

The three normal—purity 500—lb induction—furnace—me l ted

ingots were hot—charged into a 2150 F (1177 C) t u r n a c e  .in i

straightaway-rolled to 3-inch-thick (7.t-i cm )  slabs. The slabs

were cut into four equal pieces , reheated at 2i~~0 F’, and cross-

rolled to 1—inch—thick plate . Four pieces , abo u t 1 by 1~ by 30

inche s ( 2 . 5  by 33 by 76 cm) were obtained f rom each heat. The

lONi modified and l8Ni steels were water-quenched after each

rolling ; the 4340 steel was air—cooled after each rolling . The

-15 - /7
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r o l l  i rug ratio ( i tugo t ax i s t o  I m l  [011111 5 dii oct ion) ot t lie

plates was about 1 t o  1 .2 5 .

Heat ‘I’ re a tme u t  and Mci’ h atu  it ’ .il — Pt  o~ ‘~~‘ rt y
T est s  of N o i n u l - P u n i t ~~_ St e el s  

- -- — -

Coupons t rom t lie t hr e e  n ot  ma 1 — p u t  it y hea t  s were obt .ti tied

t o  . i  - f e in t  inc  t ho t o u pt ’ i m u g  01 lug t t e.u t,,men t t h a t  wou ld  i o sit 1 t

in a tensile st icng tt u of about  .50 ksi (I - ‘.‘4 MI’a) . The 4340

stool w a s  tiouble—austenit m : e d  .ut 1 5 0  and 1 2 5  F’ ( 8 9 9  and 82 9  C ) ,

and was 01 1 — ‘ ucnc lied ft ow c ac ii oi:ij ‘e ra t U ro . ~~‘c t ions o t the as —

q uoiic hod coupon Wi’ 1 0 tent pet ed at 4 00 F’ ( _‘ 04 C ) ! ci 5 hour  s , at

4~ 0 1’ (2 i 2 C)  t ’ .’i .~ and 8 hour s , and a t  500 F’ 2 t~0 C)  t or 1 hour

The ION i mod i t meti st ee l Was doub l e — a u s t en  i t  i .ed .ut 1650 and 1500 F

8 ‘1 ‘1 and B i t )  C ) , .111th was wa t ci — quenched t rem 0.1 cli temper at Ui 0

Soc t ions  c’t the  . t s— qu ench ed coup on wore  t emp ot  ed at 950 F’ ( 5  10 C )

t o t  5 , b , and 7 hours .  ‘l’hc 1 8 N i stee 1 was t ioub b — a u  st en i t i ed a t

l b ’ O  an ’.l 1525 F , and was  W.lt e1 — ’ .~Ue nc hod t rent t ’ac hu  t e m p e r a t u r e .

Sect l o t u s  of t h e  .u s— . juoi ic t ie’. l  coup on of t h is  st e e l  wore  .t ’.ied .it

900 1-’ (482 C) f o t  4, 5 , and ~ hours. The s imp i ’ .’s ot the lONi

modit  ted and lB N i  steel were w a t e r — q u e n c h e d  a t  ter temper iiis ,

whereas the samples of the 4 3 4 0  steel were a i r — c o o l e d  a t  ter

tempe r i us because t h e  tempo r ing  t ‘.‘IIIpe r a t u r e  s w e t ’ .’ be l ow t hi’

t empera ture  r ange  where enibr i t t  lenient c o u ld  ‘c’.’iit en sl o w  coo l  —

thy.

For each stee l in each heat—treated condition , three

l o n g i t u d i n a l  0 . 2 5 2 — i n c h — d i a m e t e r  ( 6 . 4  mm) tension—test specimens

and nine Charpy V—notch impact-test specimens wore machined .

- 1 6 - /~
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‘fae tells ion t e st S were cotuduc ted at i o’.’m t t’~-~ ’o t at itt e , .tiu i t

impa ct  t e s t s  were c’.’u id uc  ted  at + 5 , 0, and — 50 F’ ( .‘ ‘ , — 1 5  ,

b $  C) .

The resul ts of the mechanical — pi opoi  I y tests .tu e shown

in Table I I . Wi iii respect t o  the desired 2 5 0 — k s  i t otu si Ic  st ross  t It ,

the se d.i t a m i  ca to thua I the 1 ON i mod i t ed st t ’e 1 who n I ‘01 i ’d a t

950 F f o r  b to 7 hours  can at ta in a tensile st ren’.u hi ci 2 ’.’ t o

.‘4 7  k s i  ( 1 7 ) 7  to 1 7 0)  M P a )  , and tha t the I O N i  st ee l whe n . t .n ’d a t

900 F’ for  about  S hou r s  ca n at La in .1 t e i u  1 ’ .’ st i etug t h u ‘ - ‘5 .’ k si

Fe t the  4 3 40 stee 1 , I tie me St ‘LOUt 1 s illS I ‘.‘~~ j ’  ‘ t u s  t ‘.‘I ~ p ’ I a t  U t  -

explored thus tar was 450 1’ t~~ i S hours ci w h i c h  a t en:;1 It ’

ens t h e 266 k si (18 34 M1’.i) was a t I a i ned . ro t  t he ab ove  t t ca t  —

meuts, t h e y i e l d — t o — t e n s i l e  t at los  h o t  t h e  4 I.~O , l O N i  , a nd 1- SNi

steels were  about 0. 85 , 0 . ~~ 3 , and 0. ~ S , t o  s p ec  t ive  ly . A t enipet i us

t r e a t m e n t  e 1 475 F (24 t~ C)  for S bout wi 11 be exp lor e d  t ci t he

4 3 4 0  steel to a t tempt  to l ow er  the tt’nsi Ic st t en ot h  and ra u so tb ..’

y i e l d — t o— t e n s i l e  r a t io .

As can 1-c seen i t t  Table  I I , the iON i ~ c.1 i t  t e d  s tee l

exhibited a h i sh er  tensile ducti 1 i ty a n d a lowe r y i e l d  st r enst  hi

for a given t ens i l e  s t r e n g t h  then the lON steel . As would  b~

expected , the tensi le  d u c t i li t y  el the O.~~O pet  .‘ent  carbon 4340

steel was lower t h a n  t hat  et o it. her the  1 ON 1 ‘i t he 1 SN u tee 1

The level of notch touq hness  oh f lu e s ’ .’ s tee ls  was  ~ie n e t -a  1 l y  low

and s i m i l a r , a l t h o ugh  the h i s  h u t ’ i n i  eke 1 st eo 1 OX h i  b i t  ed s o m o w h u , t  t

hig he r impact va lues .
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Summary

During the first six months of work on Air F’orce Materials

Laboratory Contract No. F33615-75—C—5 137 (“ l:tfect of Purity on

Reliability Characteristics of High—Strength Steels”), AISI 4340

steel , l8Ni (250 grade) maraging steel, and lONi modified steel

have been vacuum-induction-melted to the desired normal- and high-

purity compositions. The normal-purity steels have been processed

to e late and subjected to trial heat treatments to establish the

heat—treating procedures that will provide equivalent tensile

properties in each of the steels. The results of the work to

date can be summarized as follows :

1. Selected low-sulfur melting stock was shown to contain

satisfactorily low levels of the tramp elements antimony, arsenic ,

tin , and copper , and the melting stock was deemed to be suitable

for the intended studies.

2. Normal—puri ty steels were produced with little

difficulty except for achieving the desired nitrogen level in the

maraginy steel.

3. Vacuum-induction-melted heats of the high-purity steels

were produced only after considerable experimental difficulty and

the development of special , multiple-melting techniques.

4. Special chemical-analysis methods were used to deter-

mine the composition of the high-purity steels, and a special

technique was developed to obtain accurate analyse s for manganese

- 1 8 -
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in concentrations of less than 10 p a r t s  per m i l l i o n  in the

presence ot chromium and cobalt.

5.  The vacuum—induction—melted high-purity steels are

now being vacuum-arc-remelted (VAR) and forged to slabs by

Latrobe Steel Company.

Future  Work

When the forged VAR slabs of the high-purity steels are

received from Latrobe Steel , they will be cross—rolled to 1-inch-

thick (25.4 mm) plate in a manner s imilar  to that used for the

normal-purity heats. The final chemical analyses will be con-

ducted on the plates of these steels.

Heat-treating studies will be conducted on the high-purity

plates to establish the tempering and aging times needed to obtain

tensile strengths for these steels similar to those of the normal-

purity steels.

Fracture toughness (K
1 ) and stress-corrosion—cracking

(K
1

) tests will  be initiated as soon as the heat—treating cycles

have been established and the plates have been given the final heat

treatments.
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